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PETER C. M. DE WILDE AND ANTONIUS G. J. M. HANSELAAR
Institute o f Pathology, University Hospital Nijmegen, Nijmegen, The Netherlands
SUMMARY
Form alin-fixed and paraffin-embedded tissue specimens of norm al and dysplastic cervical epithelia (five C IN 1, seven C IN 2, five 
C IN 3, and five norm al) were assessed by an im m unoperoxidase technique, using the m onoclonal antibody M IB 1 , regonizing a 
form alin-tixation-resistant epitope on the cell proliferation-associated Ki-67 antigen. An im age analysis system  was used to measure 
four param eters associated with proliferative activity: the Ki-67 labelling index (L I), the num ber of Ki-67-positive nuclei per unit 
length of basem ent m em brane, and the m axim um  value and 90th percentile of the relative distances of Ki-67-positive nuclei from  the 
basem ent m em brane. All these four pro liferation-related  param eters were highly corre la ted  w ith the grade o f dysplastic change in 
the epithelium (0*90<r<0*97, /><0*0001). The best correlation was found for the 90th percentile of the relative d istance and with 
this param eter all C IN  lesions could be correctly  classified. The means and s tan d ard  deviations of the Ki-67 L is  in normal 
epithelium, C IN 1, C1N2, and C IN 3 lesions were 0*07 ±  0*03, 0*16 ±  0-03, 0*25 ±  0*06, and 0-39 ±  0*06, respectively. These findings 
support the theory th a t C IN  involves a  progressive dysfunction of the proliferative activ ity  o f  cervical epithelial cells. Im age analysis 
o f M IB 1 is a prom ising alternative m ethod for the objective, reproducible, and reliable classification of dysplastic changes in cervical 
epithelium.
joey w o r d s— C IN ; proliferation; Ki-67; M IB 1; m onoclonal antibody; im m unohistochem istry; quantitative analysis
INTRODUCTION
To classify cervical intraepithelial neoplasia (CIN), 
pathologists usually rely on histomorphological criteria, 
such as absence o f maturation, nuclear pleomorphism, 
loss of polarity, and the frequency o f m itoses.1“3 
The number o f mitoses, the presence o f atypical 
mitotic figures, and the localization o f mitoses are 
particularly used for the histopathological grading of 
lesions.4*5 In normal cervical epithelium mitotic figures 
are rarely encountered; when present, they are confined 
to the basal layer and are never abnormal. In CIN  
lesions, the mitotic figures occur more frequently, 
are found in suprabasal layers o f the epithelium, and 
often have an atypical appearance.5 These observations 
suggest that CIN involves a progressive dysfunction 
of proliferative activity o f cervical epithelial cells, 
whereby proliferating cells are found at progressively 
higher levels o f the epithelium with increasing CIN  
grades.6
Recent semi-quantitative immunohistochemical 
studies on formalin-fixed and paraffin-embedded 
archival material, using the monoclonal antibody PC10 
which recognizes the proliferating cell nuclear antigen 
(PCNA), have given further support to this hypoth­
esis.6^7 A significant positive correlation (r= 0*75, 
P<0*001) was found between the CIN grade and a 
semi-quantitative PCNA grade, based on the highest
Addressee for correspondence: J. Bulten, Institute of Pathology, 
University Hospital Nijmegen, P.O. Box 9101, 6500 HB Nijmegen, 
The Netherlands.
level at which positive cells were seen in the epithelium.6 
The PCNA grade, however, is not suitable for a reliable 
classification o f CIN lesions and normal cervical epi­
thelium, since only 45 per cent o f CIN lesions were 
correctly classified by this means. The disagreement 
between the histopathological and PCNA grades might 
be partly explained by the arbitrary grading system 
chosen to quantify the proliferative activity and/or by 
the monoclonal antibody selected to visualize the 
proliferating cells. The limitations of antibodies that 
recognize PCNA have been described.8 In a more recent 
paper, the same authors have demonstrated that the 
monoclonal antibody MIB1 is superior to the PC10 
monoclonal antibody.9 MIB1 is a novel monoclonal 
antibody that recognizes a formalin-fixation-resistaiit 
epitope on the cell proliferation-associated Ki-67 anti­
gen.10,11 Ki-67 antigen is a short-lived non-histone 
protein, which is expressed during the G l, S, and G2/M 
phases o f the cell cycle, but not in the GO phase (resting 
phase).12’13
In this study, the MIB1 monoclonal antibody was 
used immunohistochemically to visualize the pro­
liferating cells within CIN lesions. Application soft­
ware was developed for an automatic image analysis 
system which enables a quantitative analysis of the 
proliferating fraction (Ki-67 labelling index) and the 
localization o f the proliferating cells within the cervical 
epithelium. The aim o f this study was to investigate 
whether this quantitative analysis o f MIB1-positive cells 
could be o f value in the objective classification o f CIN 
lesions.
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MATERIALS AND METHODS
Patients
Formalin-fixed and paraffin-embedded cervical biop­
sies of 22 patients were used, including five CIN1, seven 
C IN 2, and five CIN3 lesions and five cervical biopsies 
w ithout histopathological abnormalities. Standard 5 ¡urn 
thick haematoxylin and eosin-stained sections were used 
for the grading of the lesions. The cases were selected 
from the archives of the Department o f Pathology, 
University Hospital Nijmegen. The cervical lesions were 
graded independently by two pathologists. There was 
agreement concerning the CIN grade between them in 
19 cases (86 per cent). The diagnoses of the pathologists 
were different in three CIN lesions (14 per cent), but in 
none o f  these cases was the difference in the grade of the 
C IN  lesions greater than one. The ultimate grade of CIN  
w as obtained by consensus with a third pathologist. One 
case was ultimately classified as CIN2 (initially graded 
as CIN1 and CIN2, respectively), one case as CIN2 
(initially graded as CIN2 and CIN3, respectively), and 
the third case as CIN3 (initially graded as CIN2 and 
C IN 3, respectively).
I  m m  unohistochemis try
Three-micrometer thick paraffin sections were 
m ounted onto polylysine-coated slides and dried over­
night at 37°C. Paraffin sections were dewaxed in xylene 
and rehydrated in a standard series o f graded alcohols. 
Rehydrated slides were placed in a citrate buffer (10 mM, 
p H  6-0) and heated in a household microwave oven at 
90°C for 20 min. After microwave preprocessing, the 
sections were allowed to cool down to room tempera­
ture. Subsequently, the slides were briefly washed with 
phosphate-buffered saline (PBS, pH 7*4) and an indirect 
immunoperoxidase technique was used to visualize the 
K i-67 antigen, utilizing the following incubation steps. 
T he sections were incubated with the mouse monoclonal 
antibody MIB1 (Immunotech S.A., France) 1:40 in PBS 
w ith 2 per cent normal calf serum overnight at 4°C and 
subsequently incubated with a rabbit anti-mouse per­
oxidase (Dakopatts, Denmark) 1:100 in PBS for 60 min 
at room temperature. The peroxidase-labelled complex 
w as developed with diaminobenzidine (DAB; Vector 
Laboratories) for 4 min at room temperature and inten­
sified with 5 per cent C uS04 for 5 min at room tempera­
ture. A ll incubation steps were followed by three washes 
in  PBS of 5 min. Subsequently the slides were slightly 
counterstained with Mayer’s haematoxylin, dehydrated 
in  ethanol and xylene, and finally mounted.
Image Analysis
The slides were analysed using a CCD RGB camera 
(Sony CA-325P) mounted on top o f a light microscope 
(A xioskop, Zeiss) and attached to a VIDASplus image 
analysis system (Kontron Inc., Germany). A x 20 
objective with a numerical aperture of 0*5 was used for 
im age acquisition, resulting in pixels with dimensions of 
0-39 x 0*41 /on. In each tissue specimen, five to seven 
fields representative for the CIN lesion were selected and 
digitized for analysis
For each digitized RGB image, the following pro­
cedure was performed. First, curves were drawn inter­
actively by the operator to define the location of the 
basement membrane and the boundary o f the most 
superficial epithelial layer. N ext, the red component o f  
the RGB image was used to define all (MIB1-negative 
and MIB 1-positive) nuclei: a background image was 
constructed by mean filtering (window size o f 25 x 25 
pixels) of this image. Then the difference between the red 
image and the background image was interactively 
thresholded. On the resulting binary image, a dilation, a 
filling of holes, and an erosion were successively per­
formed to improve the segmentation result. All resulting 
objects were individually labelled as nuclei.
To define MIB 1-positive nuclei, the blue component 
of the RGB image was interactively thresholded, as the 
contrast for the brownish/red positive nuclei was the 
highest in this image. Then objects with an area less than 
10 pixels were removed and every nucleus, defined in the 
red image, that had any overlap with an object in the 
resulting image was defined as an MIB 1-positive 
nucleus. The segmentation results were displayed as an 
overlay on the original RGB image, which could be used 
by the operator to make corrections interactively for 
misclassified nuclei or to reprocess the image.
The relative distances o f  each positive nucleus from 
the basement membrane and the surface were deter­
mined as follows. For each positive nucleus, the dis­
tances to the basal and to the superficial curve, 
respectively, were determined from Euclidean distance 
maps of images containing these curves.14 From these 
distances, the relative distance o f  a positive nucleus from 
the basement membrane was calculated; a value o f zero 
indicates that the nucleus was located at the basement 
membrane and a value o f one means that the nucleus 
was located in the most superficial layer. The number o f  
MIB 1-positive nuclei, the total number of nuclei, and 
the length of the basal layer o f the epithelium were also 
measured in each field. From these quantities several 
proliferation-associated parameters can be derived and 
four of these were selected: the fraction o f MIB1- 
positive nuclei (Ki-67 labelling index), the number o f  
MIB 1-positive nuclei per unit length o f basement mem­
brane, the maximum value o f the relative distance, and 
the 90th percentile of the relative distances of MIB1- 
positive nuclei from the basement membrane. The latter 
parameter was chosen because-the 90th percentile is 
more stable than the maximum value of the relative 
distance, because it is determined on the localization o f  
90 per cent of the positive nuclei, while the maximum 
value is based on the position of only one positive 
nucleus.
S ta tistics
A commercially available statistical software package 
(NCSS, Number Cruncher Statistical System) was used 
to compute the Pearson correlation coefficients (r) and 
their significance levels (P),  The mutual correlations o f  
the different proliferation-associated parameters were 
considered, as well as the correlations between the grade 
of cervical epithelial lesions and the proliferation- 
associated parameters.
ALli iHcooy. 9
ftüU aatit «
*
«
‘■i. -*-
J S Ä Ä , $
*  \ J $
«
iL 'JiB lìà. «
lnw tw rái «
*
'  >
JSaaaaefe *
X J r
3ÄKSÖft B-
’Ä .
'■■JP
|tMW itór. *
¿**
r ^ - s
p ù ìà zà . «
nJ P
j a s â ^ â  «
■t.
\  \  t
$
• •
«■
# V * -T •;
£
$ & & & &  *
’i  £
f *  ...
. J -
y a s a g ^ a ¿
^ ia a ü iü , 
' i
i
«
1
«^‘W.
L 5
r #**• %V . . \ l
T»
/
,-j£
'jrïWiiiif 4-
gaaw Ä >.
fe
^ü¿íá2Mtt6iív
■^KSSYÿiK-
y
.•grmfctt¿ '¿
*■.
^ ÿo.. 
£ - ^
V. ^
S............
■Sj
s
fP
:C¿0
.^sa^SsasÉ.
’V
^.v aj d^ anaa.-
0 $
;' ' ^ a ¿ ^
# * V
s ~ t  ■**.
t  \  . ::
»WWf
K n ?
f
J
P  ¿ > \  
\ ¿ F J
V  &
^ é á í a r o B t t í í
fe*
#  
r t
^ )w aa |iú ^
. 4?
Ì&
JW=ü #
¡>s=ü»is=i
ä 2 S « a l i .  £
l£
r---------- ■»>
%’A!K¿b
# V « Y
yáW g¿’
■ m
V r  V i r  - t
* * í> :
*U*Sg
,?>
& j
yüáVr!- *i
icuítijiiV ir
r^ñVix’nM^
■ g w w y g
ÿ ù i n a a  *
4 * ^ -
ÿü?'iW -
•I
:Xx
.'•XX.-
■ívííííís::::..........
f § 8 l f
« £
■-■•^ V- : : V- '-//< '' VXV VV. : :.'■ 
— ‘V '/-’.' - V'- -'-”- T\->' > ::tj
/2  c ;- 'í> -^  :;;> ^
íí>í<:
•::>Vy.
'rliSSï.-iT-.
í§ : ?.tr í s m s
: ; Í P #
;# Í 3 : Í Í }  . . ^
S i « * * ®
s fS ilia iL ,.,,, 
- ';xNV.ISIIlill
W z ^ é t
m m m
p i i É Â ?
: ^ v S ê
I l l e s i ®
■ 3 1 1 8 1 ^
i ® w
jsÿiillm
lip 
Ä S S i
Í&ÍS1
0 0 0 ^ 0 0 ^ ^ 0  mâmSîâmmsisv..  ■- ■ : : - ' -/ . Y-i  -O'-'.'.'.y"; -. -.V—
. . . . . . -,V-
.','y ¿\;7->.-.;-: ;> > 'V x-';^ -V ;'V V --- '//V ^  :.v
fefeliä^li^ilSi
•V '  o -::- '> '':- '\< ^  ' $ v .  :;■>< - .
. V . iv ^ - í4 :;'>-:- -í:> - '^ - : ' ''- :> -' '  : :  ■ ■
■V.
Ü É
.v- i' ; v\n v >'
.-.w .
■ í'
> \v
'•V'-V-W-'
l i s S s v.......
% Í I I | I ’
^ P i i l l
.
l i Ä i *
l i l t ^  
>;<<^i=¿jiví'
s s f i f p f e
. í Í | ; §
J Ä l l S #.......................
A ' ' Ä Ä -
x ' -
l Ä l M f l i ' "
l l f i
>.<^\<J.w
i i i l i l »
;:-:xV-:ii^
JlÄIfcfcps..
■//. ..
: % | É S ^ i g è
¡ISIÉt
^ Ü Ü Ü  
O . ' « y ; ; v ; :—
X ', . ' , . / , - o - . v . ^ y . - ;
'C'v V-Ïv - 'S." \- : '\'
S î ^ p l Â S i i i s
iiiSilliiSii
0 Ä :
t '
, /•■>'.'■>' ... . 
« | S « I
V.-
M ÿ.
Ü
:W ■S-
--â S-:;
X'N'Ô: : V-
y.’-.
l l l ! ^
v ^ ; r ; ^ i ^ :;x'-'s's''''vi-
iâiüSiiiis
C---< ’: ;■>':'
.•¿':'-':'v-Xi'v
í1M|-:kwÉí
:<x.v
l « | g | ^  
i l i f e l i i
:l\\
» c
■ • •, > -\V'
*
i
l
’ l.'\.■.■.'
. ^  ■• Cxv'.: ■•.•;•X- ;« s*
' x ' . ' y - : : [['<y/''
V-:<'.i'-;:-.';'V,v .•.XvV>.'.'
-- %'-.■
X*^ \*
l i i i ?
XX'X':: 
■■; --'x'.':
:;V>X« S | »
S É á i S ;
:NSL'
^ v sS ^ ^ S Ï-
ii P Í P «
iïsÿ:
IP^
«■SH^Â
,Â:i|I illlilw
■J’.'ôi' 
>Y
, ^ i Í Í - . V.:
";Sp|ipiiiiiSïïëïSVj-
^ s~ 'ÿ v’-S<>'-;''
JŸWmrS'.
mÂiÉp-
V K .
.-~TH
, ..... .'ÍS ^ Ív íí. ..i:iill||l||;i| íip#^ |rv-
wmmw
,-r: : -. :::  ; c: î > '-ii • :
iiiSli^^fcl
mm^ismm......lililí
■w
.\"/;'.v7 ' o  •> s,- ......
...liiiMÄiiiii^SlilÄP^
......
S ^ ^ ï V *
¿■.■.o,'svi*,-
>v.x-
liüPlli
iPfi
• ï î k : '- - '" '- -
:«£&■
-■Y
í'- ^ snY'ÍO;
■ -  ^ v^ í ' ñ í 'Y:
ÿüli ÄIP
'XV::
;  —  -V ■': ■ i »ì^:
'o '- .v
v > ÿn
na
Ä i« » :  
'^iiiÉi
'
j M M m w
v . ; . > - p ^Ä?P^
■ ^ N^NVív^ -' ■'v ; ■ > V ..S '
l i i i
J i l É ^ â Â S J à s ï :
VÏV*!
L ^ í
iiSi
v.v/.--.
.vS: ' S ' :
' ' ' »iiüâr
:x\:íÍ»pií
3iP®}ôvr:ÿ^v% :■{ ....,. .,.: -  ; ; ;s .■— \-.::'-.',x-v, :v:;;:-.-— V * O' '  'vS 'i'*  — v^'s,. — ...V*
.. , : ' # : ÿ - v . - ^ X : : ' :  
\V :V .> W  *  : • -
* ü
ï ^ ÿ - ^ P : p . : ; : x ; SÂiii^ iir
sssssiâfeSs*X'! :>;- s-.1 ’.;■ X i;ï-$xÂîÎT- w; ' '^ j-'o.
X-ÿ.
iXÏ-:
pPtl • '/- ; : X: ■-: X.v.'--S-■■.X'° :.v': : ': '  vx : -■■ 's '  - ' 'N.....~C >
>s- - ■ • — '-.<•■:
:.X-.\
■;X-'
« « - ■
W & '> :
X,;
i w :
•XX-^ -sVi-.'.
•,\lX-X
-•y-
-X:-:>'-
SSi
iiSiH
X.'.'.'. XX Jÿ ; X 'i ' - ' i  x Æ ?  . 
iiÂ&iliili:
y ^ í iXx-vÿfX.ppi^p'' ''s . x.s'-x-'......:x--x-;,\'' -s'-s'.
'X'vX'X:'':: i:\'::
i'X'X
' ' Vs '. J '
yX:-; ::-x'
. . .
x-:IV-;:;.v .^v:>:" " .- ^ -  X -: X‘^  ^ ‘- ■•■ ' -  -  •■■''•' '-— ':iv ' '"
:X-í :x; :•:
■>S-7:
':&mWmê 
ÉsllSil»
; \ . ' ; y i  ■VyviP'i^  >.v.:.Xv; : 'I^pilpl
-  y *
-X 0!' -  V'Vv. LV-. : LV.'. v<.S> -■■-■
iiiiiiiiÄllillili ;«wïk-!îi®S-^>'-v
.•XV
•: x:; ••:■■•
i'.XX
Si
■y: : : . Á&Ú ív. V : ■: ; <.-.'.X^  : : : •- :>
: Tí :7~. v.V-'l'i . ' V ' i ^ .' Zv-.V Ss--
m
'¿S.'.'mJPPPÍ
lüg
/^ f - Î Î ÿ x Î :
.v.'íf/j.«.^ 
•:
. . ■■ -. ■ ■ 
í?:^xx
_______»Ä ii
;ÍY -x\
■'•W:
. N ' '
•W
\-;;” X'^ -rv-Ä
'//.•'•<-; ^ /NVvv
y -xKii.V'V'Ä''-" <Sx:<v k-
sssí^ iglé?
Xt
tlilP lilis
...........................ísp;«
í<: ■Xj
iüllf iv<v
■-V-
jxÿXxx;-- 
< .v
x'x';
z* 1
:^V^.í¿ss-'í>xx 
®Í¡i
»Ir
•/.-
X S # Í 5 » p : ¡ S  'ÍÍlÍ%:
.... .....wster
vx.;:".. •2-;:-;.>- ,..
:Y- <-•■'■•■ -  Í'X:^ ÓXX;,.. - ■•„ V
..............
.-css-
;W.
XV
: ■
\V' m ■■s ■■■S
Ÿ/'i-~.-j5-ìW-/X-X'XV'
>.'*<■
'■'XW<-.
ñXv>Ä.■i! •y.-- 'WMMMà
f'X' /->y.
í^ .^
W
:;X> '-■n't
y.-:-'.-: : ::ï:ï:':ï:ï:':X;:s'^ :
ililliÉil 
x^’v.': i’C',’,-ä^^  ily.iC'j'/i'Äi kSxX: :
:-x;i S S i& ;y*mWäMßMmîm0$0$&
.^ X .^X::,^ X;;:X''¿-V-: 
'i'*'vt''T ^  nN 'XX-' '■«guis
siliÜÄ ■,\r: "<.'.->>.s.
«
Í-'X'
:■ -. /■■ -., -, ■■.X-, ■>:> - ' y.:\ÿ^y->.
iiiiiiii
■S's''.1
.'•S'
XVv .^Vv.
. . v . - . ^ y - :  
fcite
•>xÆ S>>-
xn-x
-VX-'
V^xv
.\\v ; v- ;
■ ; ^ : 0 ß ^ S 0 '.
. .m0W^
•••••••••• :^ v ::>.i^ ::Pv.'.m, ■Ä
i«
xÿ-xÿ^;--''-
:x :
'. :.• '.;—  • -i t . *i \ ' • *  '..'.-V'.''
Ipsas^ x
'\xv.^
VAS'.' ;C-.'.ï/.':slÜÜÜ! ':x i: Ä -WÊM:
»
xn-X
'• '-^Îÿv-'-X -Îx; xxx;i 
•■•! r.x -■/•.V X'-'->r-i
-.ÏS.X
jx^^S
:âilü 
;< :*-ï<;-:
-S^ :<
v:'>:x>t::;'
■y/-:
y / i
■'XV H
••X X :-
•y&?: X'^ X<::'XXY-
X':'X*X'
liMli
..X-•.•'••
;.xí; : 'X '. «>■
¡ipil'êÊMm
^ÿ'Y.^Y;
-X--■• • * -• WÄS? v ^ r- 'i 'í : Í  ■ '■■ï y i '■
;:.:v .
•..y,-
» .'X'
VX';VY- '^j
;YxX
>>X'.-
^XX-'-XÎ'-:^:. Ír-X;í'-Xí^im?
í:v;Y
I fe«âÂ
■>»:
'X-NN Í^ív
::/CiÄ
iÄiiftÉpi!!'- 
.'.'v' . X j  'X " . *.-..'. ,'.\ v.-X v-' v'î'.<.\' '®ÍS«5:
#
*>
\ . JL
& xa ü ¿ &
*?
»
♦
J
ÙjÇ ssà & e
ywh-ii'i j tf  ÿ
r j»
ir^t1 \»
i
M
¥
j u c x r r i .  *
•jp«.--Fnprtfi
1
■.■m
y
j
«
jîT jc n -r ■*
^a=Süfli8 . *
ïta sM &  *■
■*
C/5
:ÿnx«^w <à
■$ rr-i - £
rjri’*$?  -V
3
.^ SùWWÎ 
"  ^
y
i
-ÿüàfeeÜË
•Ì
aiìSYirrv.-rì
‘ifi ~i»Vñ¿
\
'S.
ÿMÂiasie66e
r\
f%,%
fisx ie u ? ÿw ttaii S?
r
*2
ë■N
ÌE iter t*  à-
«?
*u-
£
i .
J
:'<L'CSaiù;i>>ré»r
\ y
■&
y
y
y
tv
XrïMA-fî.
jiin'rtTj-
•ki.-—-f¿f
yjgviM c qt
ai
JSaW T B ig
î
J
*>
■*r>
j £
- ÿ c ü i »
^FfWWCü.i.'tfâ
$¡ox&
' Ì
>s
i .3 S?
> - ^ rii-|-ig  
g tiiC Ê  ê
r ^ :.
Sur ■*
S a a ^ S iS Ä -
f
■j
^  «F-
^Bin ¡tai
t -
MIB1 AND THE CLASSIFICATION OF CIN 271
Table I—Results of computerized analysis of MIB1 positivity in normal cervical epithelium and CIN 1-3
Diagnosis
No. of 
cases
Fractpos* 
Mean ± SD
Poslengthf 
Mean ±  SD
Reldist90J 
Mean ± SD
Reldist max§ 
Mean ± SD
Normal cervix 5 0075 =b 0-031 0-036 ¿0-013 0-150 ±0-051 0-199 ±0-088
CIN1 5 0-161 ± 0-026 0-084 ± 0-013 0-324 ±0-060 0*460 ± 0-096
CIN2 7 0-246 ± 0-060 0*178 ±  0*054 0-510 ±0-070 0-769 ±0*067
CIN3 5 0-393 ±0-060 0-445 ± 0-037 0-846 ±0-045 0-980 ±0-016
r value 0-92 0-90 0-97 0*96
tP<0-0001) (/)<0-0001) CPcO-OOOl) (P<0*0001)
*Fractpos: fraction of MIB1-positive nuclei (K.i-67 labelling index).
fPoslength: number of positively stained nuclei per unit length o f basement membrane. ~
JReldist90: 90th percentile value of the relative distances.
§Reldist max: maximum value of the relative distances of positive nuclei from the basement membrane. 
/* value= correlation coefficient; P -  significance level of /*.
Fig. 2—MIB1 positivity in normal cervical and CIN 1-3 epitheiia.. Relationship between four 
features of MIB1 positivity and the degree of CIN. (a) Positive fraction (Fractpos) in normal 
cervical and CIN 1-3 epitheiia. (b) Number of positive nuclei per unit length of basement 
membrane (Poslength). (c) 90th percentile value of the relative distances, (d) The maximum value 
of the relative distances of positive nuclei from the basement membrane
lesion (Figs la and lb). MIBl-stained non-mitotic 
cells were always found at higher levels than the most 
superficially located mitotic figures.
Each ‘positive-negative5 manufactured image was 
com pared by the operator with the corresponding field 
in  the immunostained slide. With the RGB segmentation 
procedure, it appeared that almost all of the MIB1- 
positive and MIB1-negative nuclei were correctly recog­
nized by the automatic image analysis system. In 
general, only minimal interactive interventions were 
necessary (Figs lc and Id).
The mean values and standard deviations of the 
proliferative-associated parameters for normal cervical 
epithelium , CIN1, CIN2, and CIN3 lesions are given in 
T able I. The values o f the four proliferation-associated
parameters for the individual cases in this study are 
represented graphically in Figs 2a-2d. Table I and Figs 
2a-2d show that the values o f all the proliferation- 
associated parameters increased with increasing grade o f  
the CIN lesion. In CIN3 lesions, the fraction of Ki-67 
antigen-expressing cells was approximately 40 per cent 
and 2*5 times greater than in CIN1 lesions. Fractions o f  
Ki-67-expressing cells exceeding 25 per cent were exclu­
sively found in CIN2 and CIN3 lesions. In normal 
cervical epithelium, the highest MIB1-positive nuclei 
were found in the basal third o f  the epithelium; in CIN1 
lesions, the highest MIB1-positive nuclei were noticed in 
the middle third o f the epithelium; and in CIN2 and 
CIN3 lesions, the highest M IBl-positive nuclei were 
found in the upper third o f the epithelium (Fig. 2d). In
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CIN3 lesions, the highest MIB1-positive nuclei were 
invariably found in the most superficial layers o f the 
epithelium, with a relative distance from the basement 
membrane greater than 0*95. Correlation analysis 
revealed that all the proliferation-associated parameters 
were highly correlated (V > 090} P<0-0001) with the 
agreed histomorphological grade o f the dysplastic 
changes in cervical epithelium (Table I). The highest 
correlations ( r > 0*96, P < 0 ’0001)  were found for the 
maximum value and the 90th percentile o f the relative 
distances o f M IBÎ-stained nuclei from the basement 
membrane (Table I). Correlation analysis also disclosed 
that the proliferation-associated parameters were 
mutually correlated (0‘82<r<0-99, P<0*001).
In a stepwise linear discriminant analysis, including 
the four proliferation-associated parameters, the 90th 
percentile o f the relative distances o f MIB1-positive 
nuclei was selected as the best discriminating parameter 
to classify the cervical epithelium as normal, C1N1, 
CIN2, or CIN3. Because the proliferation-associated 
parameters are mutually strongly correlated, only uni­
variate discriminant classifiers were considered. With a 
univariate discriminant classifier, based on the 90th 
percentile of the relative distances, all cases were cor­
rectly classified. Using the other proliferation param­
eters in univariate linear discriminant classifiers resulted 
in some misclassifications; for instance, the classifier 
based on the maximum value o f the relative distances 
gave rise to one misclassification o f a normal case as 
CIN1 (Fig. 2d).
DISCUSSION
The results of this study have shown that automatic 
image analysis systems can be used to recognize pro­
liferating and non-proliferating cells in normal and 
dysplastic cervical epithelium in formalin-fixed and 
paraffin-embedded archival material, using the m ono­
clonal antibody MIB1. The Ki-67 labelling index, the 
relative distances o f the Ki-67 antigen-expressing nuclei 
from the basement membrane, and the number of 
cycling cells per unit length o f basement membrane 
could easily and rapidly be determined and gave detailed 
numerical information on proliferative intraepitlielial 
abnormalities.
All o f our quantitative parameters reflecting the pro­
liferative activity and location o f the proliferating cells 
within the cervical epithelium were highly correlated 
with the histomorphological grade o f the dysplastic 
changes (r>0*90, P<0*0001). The highest correlations 
were found for the maximum value and the 90th percen­
tile o f the relative distances o f MIB 1-positive stained 
cells from the basement membrane (r>0'96, P < 0*0001). 
Using the latter proliferation parameter in a univariate 
linear discriminant classifier for grading for dysplastic 
changes in the cervical epithelium, no discrepancies 
were found with the histomorphological classifications 
(normal, CIN1, CIN2, and CTN3).
Our results are in complete agreement with those 
recently obtained by a semi-quantitative grading system 
of CIN lesions, based on the highest level at which a
mitotic figure was seen in the epithelium.6 The mitosis 
grade, ranging from 0 to 3, was highly correlated with 
the histomorphological grade o f the CIN lesion (r=0*96, 
P<0*001) and there was a 93 per cent concordance of 
mitosis graded and histomorphologically graded CIN 
lesions.6 In the latter study, PC10, a commercially 
available monoclonal antibody recognizing the prolifer­
ating cell nuclear antigen (PCNA), was also used for 
immunohistochemical visualization o f the proliferating 
cells in formalin-fixed and paraffin-embedded cervical 
specimens. PC N A  staining was graded in a manner 
similar to the mitotic grade; grade 0 was assigned if no 
PCNA staining was detected or if the PCNA-positive 
nuclei were limited to the basal layer and grades 1, 2, 
and 3 were assigned when the highest PCNA-positive 
nuclei fell in the lower, middle, or upper third o f the 
epithelium, respectively.
In comparison with the mitosis grading system, 
PCNA grading correlated less well with the histo­
morphological grading o f the dysplastic changes 
(r= 0 ’75, jP<0-001) and concordance between PCNA  
grade and histomorphological grade was obtained in 
only 45 per cent (31/68) o f the cervical tissue specimens 
investigated. A  plausible explanation for this poor con­
cordance is that the arbitrarily chosen PCNA grading 
system was not suitable for the classification o f CIN 
lesions. Indeed, if we had used a comparable grading 
system based on the ‘thirds5 o f the epithelium wherein 
the highest MIB1-positive nuclei were situated (see Fig. 
2d) we also would have found a poor concordance with 
the histomorphological grades, because all our CIN1 
lesions would have been classified as CIN2, all our CIN2 
lesions as CIN3, and some of the normal specimens as
CIN1.
Shurbaji et  a l 6 found PCNA grades exceeding the 
CIN grades in 37 per cent of their cases and in 18 
per cent o f their cases the PCNA grade was lower than 
the CIN grade. The latter observation especially could 
not be well explained by the authors, but possible 
explanation may be found in their choice o f PC 10 to 
visualize cycling cells. The complexities o f the use of 
monoclonal antibodies recognizing PCNA were 
recently reviewed by McCormick and Hall8 and the 
superiority of MIB1 in comparison with PC10 was 
demonstrated more recently by the same investigators.9 
In the latter study they demonstrated that PC 10 
stained not only the proliferating cells, but also non­
cycling cells and that the fraction of positively stained 
cells is dependent on the dilution o f PC 10 used in the 
immunohistochemical procedure. These shortcomings 
were not found .for the MIB1 monoclonal antibody 
and it was concluded that MIB1 is superior to PC 10 
for quantifying proliferative activity. Furthermore, dif­
ferences and fluctuations in fixation conditions have 
considerable effects on the immunoreactivity o f PC 10 
which can, for instance, be reduced by prolonged 
fixation.15 Recently Casasco et al .16 have demonstrated 
that the loss o f PC 10 immunoreactivity in 
formaldehyde-fixed tissues is progressive and already 
quantifiable after 3 h fixation. In particular, fixation 
times of more than 6 h resulted in a considei’able 
reduction o f the PC 10-positive cell fraction.
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In this study we found that all dysplastic changes in 
cervical epithelium were accompanied by increased pro­
liferative activity, as defined by the Ki-67 labelling index 
(LI). In CIN2 and CIN3 lesions, the Ki-67 Lis were 25 
and 40 per cent, respectively. Such high Ki-67 LIs are 
most frequently described in rapidly proliferating malig­
nant tum ours.17,18 In many malignant tumours, lower 
Ki-67 LIs were found than in our present study set o f  
CIN2 and CIN3 lesions.19"21 In well, moderately, and 
poorly differentiated squamous cell carcinomas of the 
cervix, the mean Ki-67 LIs were 22-7, 27*0 and 24-2 per 
cent, respectively.21 The Ki-67 LIs found in CIN2 and 
CIN3 were comparable to or even greater than those 
found in cases of invasive carcinoma of the cervix. In 
spite o f  the high proliferative activity in CIN lesions, it is 
well known that an invasive squamous cell carcinoma 
will develop in only a fraction of these.22 It is likely that 
the high proliferative activity in CIN is controlled by 
regulating genes and/or proteins. The control mech­
anisms preventing progression o f CIN to invasive 
squamous cell carcinoma have to be elucidated in more 
appropriate and informative studies.
We conclude that our results support the theory that 
cervical intraepithelial neoplasia involves a progressive 
dysfunction o f the proliferative activity o f cervical 
epithelial cells. As a consequence, the use o f MIBl,  
especially in combination with image analysis, offers a 
promising alternative method for the objective, repro­
ducible, and reliable classification o f dysplastic changes 
in the cervical epithelium. Finally, the image analysis 
procedure presented here can also be used to assess 
differences in the expression of other nuclear proteins 
involved in cell cycle regulation in the cervical epi­
thelium, such as oncogene and tumour suppressor gene 
proteins.
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